Complete series of yttrium-titanium and yttrium-zirconium alloys were tested in tension at room temperature, and ultimate tensile strength, yield strength and reduction in area data are reported for these alloys. Yield point phenomena were encountered in both of these alloy systems.
Legal Notice
This r'--port was prepared as an account of Government sponsored work. Neither the United States, nor the Commission, nor any person acting on behalf of the Commission:
A. Makes any warranty of representation, express or implied, with respect to the accuracy, completeness, or usefulness of the information contained in this report, or that the use of any information, apparatus, method, or process disclosed in this report may not infringe privately owned rights; or B. Assumes any liabilities with respect to the use of , or for damages resulting fr om the use of any information, apparatus, method, or process disclosed in this report.
As used in the above, "person acting on behalf of the Commission" includes any employee or contractor of the Commission, or employee of such contractor, to the extent that such employee or contractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, any information pursuant to his employment or contract with the Commission, or his employment with such contractor. • EXPERIMENTAL PROCEDURE
Materials:
The yttrium used in these alloy studies was prepared by a process involving the reduction of YF 3 with calcium metal in the presence of magnesium to form a low melting yttrium-magnesium alloy. 5 Yttrium sponge was obtained as a final product of this process by vacuum sublimation of the magnesium from the alloy. Sponge metal designated as 40-69Y was used for the yttrium-titanium alloys while that designated as 40 -199Y was used for the yttrium-zirconium alloys. Titanium sponge obtained from the Crane Corporation and crystal-bar titanium prepared in the Ames Laboratory were used in the yttrium-titanium alloys. All yttrium-zirconium alloys were prepared from reactor grade crystal-bar zirconium. Chemical compositions for the yttrium and titanium sponges and for crystalbar titanium and zirconium are given in Table I .
Preparation of Alloys:
The alloys were prepared from an accurately weighed 40-50 gram quantity of the component metals. The metals were melted in button form in a non-consumable arc-melter under an inert atmosphere of helium. The loss in weight during melt:i.ng was negligible so nominal composition was assumed to be the actual composition of the alloy. The buttons were sectioned and remelted into finger-shaped ingots . They were sheathed in swaged to a final diameter of 0. 2 inch. Some variation in the alloy rod fabrication procedure was necessary with a few of the yttrium-zirconium alloys due to an inability to cold-swage these alloys.
Tensile Specimen Preparation:
From the 0. 2-inch diameter cold-swaged alloy rod, tensile specimens were machined to dimensions as shown in Fig. 1 . A final heat treatment, consisting of a one -hour anneal at 800 °C in vacuo was given each specimen prior to testing. This recrystallization step was carried out to assure a uniformly fine -grained structure. The average grain size of the specimens was ASTM No. 5. A total of twenty-three yttrium-titanium alloys in two different series was prepared for study of the tensile properties. One series comprising the entire composition range was prepared from titanium and yttrium sponges to determine the basic alloying effects. The second series employing crystal-bar titanium was included to study the significance of the yield point phenomenon and also the maxima in the tensile strengthcomposition curves which were observed in this investigation.
Curves showing the relationship between ultimate tensile strength and composition for both series of yttrium-titanium alloys are presented . . Yttrium-Zirconium Alloys:
Sixteen yttrium-zirconium alloys were prepared for investigation c>f I the tensile properties of these binary alloys. Curves of ultimate tensile and yield strength versus composition are shown in Fig. 5 . Unlike the data for the yttrium-titanium alloys, there are no distinct maxima exhibited in these properties but rather broad plateaus comprising approximately two-thirds of the composition range .
These curves .point up the relative insensitivity of yttrium to alloy strengthening by the addition of zirconium compared to that produced in zirconium by the addition of yttrium . The ultimate tensile strength of zirconium is doubled and the yield strength tripled by the addition of 5 w/o yttrium whereas the addition of this amount of zirconium to yttrium produces noticeably less strengthening. The slight drop in yield strength with the first few percent addition of yttrium to zirconium is similar to that effect observed in the titanium-rich alloys.
A plot of percentage reduction in area versus composition (see Fig. 6 ) resembles that obtained for the yttrium-titanium alloys in its general features . After an initial decrease in the yttrium-rich alloys the ductility rises sharply to a maximum and falls off to a minimum at the eutectic composition. This is particularly noticeable in the zirconium-yttrium alloys which exhibit an anomalous behaviour in reduction Yield point phenomena were encountered in all yttrium-zirconium alloys in the composition range 50 to 97 w/o Zr. These alloys exhibited a pronounced discontinuity in the stress-strain curve;however, yielding in the yttrium-zirconium alloys was not accompanied by the sharp drop in load as was characteristic of the yttrium-titanium alloys. Instead, they leveled off approaching zero slope at the yield point.
SUMMARY AND DISCUSSION
A study of yttrium-titanium and yttrium-zirconium alloys has been made with regard to their room temperature tensile properties. In several respects alloys of these two systems exhibited similar characteristics. They exhibit maxima in tensile and yield strengths in the intermediate composition ranges and the percentage increases in these properties were similar for the two systems.
Yield points were encountered in both the titanium-rich and zirconiumrich alloys and in both cases the yield points were first detected at coinpositions just beyond the limit of solid solubility. Likewise a similarity in the slope of the reduction in area versus composition curves was noted with a maximum occurring in both systems at the yttrium-rich end of the diagram.
